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Viruses and drinking water 
R. Y. CARTWRIGHT 
PHLS South Thames, St Luke's Hospital, Guildford GU1 3NT, UK 
There is no evidence to indicate that there is a risk of acquiring a virus infection through the 
consumption of properly treated drinking water, provided the integrity of the distribution system 
is maintained and there is no post-treatment contamination. The consumption of inadequately 
treated, untreated or post-treatment contaminated water is, however, associated with a risk of 
hepatitis A, hepatitis E and viral gastroenteritis. The use of the standard bacterial indicators for 
water monitoring provides an adequate safeguard against viral contamination. 
Introduction 
In 1854, Dr John Snow removed the handle of the Broad Street pump in the parish of St James, 
Westminster, bringing to a halt an outbreak of cholera in London. In a subsequent report by Mr 
John Marshall of University College, convincing evidence was presented that in this instance 
the poison of cholera found its way into the body through drinking water (Marshall 1855): an 
observation reached on available evidence in the absence of a pathogen. A few more years had 
to elapse before Vibrio cholerae and its association with cholera was recognised. 
The importance of impure water as a vehicle of transmission was, however, recognised as 
one pathway in the faecal-oral route of transmission of communicable disease, yet it was not 
until the turn of the century that chlorination of water supplies was introduced. 
The enteric bacterial diseases of cholera, typhoid fever and paratyphoid fever dominated the 
interests of water microbiologists and engineers for decades. The development of water 
treatment processes was targeted at the removal of bacterial pathogens, and the product was 
monitored by searching for bacterial indicators of faecal contamination. 
As the enteric bacterial infections were brought under control, interest increasingly moved to 
the possibility of viral diseases being spread through drinking water. The efficiency of treatment 
processes in inactivating viral pathogens was studied and the applicability of using bacterial 
markers for viral contamination was questioned. The debate on many aspects of viral 
transmission through water treated to acceptable bacteriological standards continues. 
The spread of viruses pathogenic to man can certainly be transmitted through drinking water, 
although public health surveillance records in countries where water supplies meet WHO 
standards for drinking water indicate that the treatment processes are sufficient to control this 
route of transmission. The story is however different if treatment fails, is inadequate or post-
treatment contamination occurs. 
A wide variety of viruses can be excreted in faeces, enter sewage and potentially contaminate 
drinking water supplies. Rotavirus, the small round-structured virus, Astroviruses and 
Adenoviruses, can all cause gastrointestinal disturbances with acute diarrhoea and vomiting. 
Hepatitis A and E are common causes of hepatitis and are endemic in some communities. Both 
of these hepatitis viruses are associated with waterborne outbreaks. Other enteroviruses are 
associated with infection of the central nervous system and generalised systemic infection. Polio 
viruses, ECHO viruses and Coxsackie viruses can all cause an aseptic meningitis with faecal 
virus excretion. Coxsackie B can affect many organs including the heart. 
As in the early days of cholera, difficulties experienced in laboratory isolation and 
44 R. Y. Cartwright 
identification mean that there is little direct evidence of the transmission of viruses through 
drinking water. It is epidemiological studies as part of routine surveillance, from special studies 
and from investigations of outbreaks, that have largely provided evidence of the importance of 
drinking water as a possible transmission route for some human viral pathogens. Good 
epidemiological studies require an accurate diagnosis to be made. Hepatitis can be diagnosed on 
clinical and biochemical evidence. The identity of the causative hepatitis virus in an individual 
requires viral serological studies, some of which have only recently been introduced into routine 
diagnostic laboratories. In many parts of the world the diagnoses remain clinical and the 
causative organisms are identified by exclusion and/or conjecture. 
In Britain, the Communicable Disease Surveillance Centre of the Public Health Laboratory 
Service, and the Scottish Communicable Disease and Environmental Health Service, provide a 
comprehensive surveillance service. The routine and outbreak surveillance records show a lack 
of any reported viral or undiagnosed infections associated with the consumption of drinking 
water that meets the statutory standards. The report on surveillance for waterborne disease 
outbreaks in the USA, from the Centre for Communicable Diseases for 1991-92, records one 
outbreak of hepatitis A. No etiological agent was detected in 68% of 34 outbreaks of water-
associated gastroenteritis (Moore et al. 1993). 
Is there any association between drinking water and viral disease which is or may be a cause 
for public health concern and which may influence water treatment policies? In developed 
countries there is no evidence for concern but this does not apply to developing countries 
(Ramia 1985) where not only are the indigenous populations at risk but also the increasing 
numbers of tourists. 
Viruses associated with gastroenteritis 
Gastroenteritis of viral origin is recognised as the commonest cause of diarrhoea in children 
throughout the world. Rotaviruses and the Norwalk virus feature as the predominant pathogens. 
They do not form a homogeneous group although they have characteristic forms which can be 
recognised by electron microscopy. Culture is difficult and is not routinely performed in clinical 
diagnostic laboratories. Antigen detection and molecular biological methods such as polymerase 
chain reaction (PCR) are now being developed for routine use and should be of great value in 
future investigations. Both of these techniques are, however, relatively insensitive and are not 
readily applicable for detecting small numbers of virus particles in water. 
Evidence for waterborne spread depends on investigations of outbreaks. In 1980, an outbreak 
of gastroenteritis in a community in northern Georgia, USA, was associated with the 
consumption of drinking water. The causative organism was a Norwalk virus and there was 
evidence, from bacterial indicators, of sewage contamination of the drinking water (Kaplan et 
al. 1982). An outbreak that was also due to Norwalk virus affected 30% of 672 passengers and 
crew of a cruise ship. The risk of illness was associated with the consumption of ice made, it 
was presumed, from contaminated water. The report of this outbreak claims to be the first to use 
PCR in the investigation of non-viable gastroenteritis (Khan et al. 1994). 
An explosive outbreak of gastroenteritis due to Norwalk virus agent in an elementary school 
was linked to the consumption of water contaminated by back siphonage 24 to 36 hours before 
the outbreak developed (Taylor et al. 1981). 
A Canadian study to determine the seroprevalence of Norwalk virus, and whether or not 
Norwalk virus contributed to an observed increase in illness in tap water drinkers participating 
in a prospective epidemiological study, concluded that there was no demonstrable association in 
that particular study (Payment et al. 1994). 
The paucity of recorded outbreaks, and observations that in outbreak situations there was 
post-treatment contamination, provides evidence for the safety of treated drinking water as far 
as the transmission of agents causing viral gastroenteritis is concerned. 
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Hepatitis A and hepatitis E 
There are numerous viruses capable of causing hepatitis, but the two with a primary faecal-oral 
route of spread are hepatitis A and hepatitis E. The association of hepatitis A with contaminated 
water has been recognised for many years. Recent outbreaks include one in Saudi Arabia 
thought to be associated with contaminated water-tankers (al Majed et al. 1990). An outbreak in 
a trailer park in north Georgia, USA, was traced to the consumption of water from a well; 
hepatitis A virus antigen was detected by enzyme immunoassay in samples from cell lines 
inoculated with some of the well water (Bloch et al 1990). 
An Italian study of a suspected common source outbreak showed a significant association 
with the consumption of either raw mussels or a single brand of mineral water (Stroffolini et al. 
1990). This study illustrates the difficulties of determining the source of infection in the 
presence of multiple suspect sources, in the absence of effective laboratory tests for virus 
detection in water and foods. Hepatitis A is commoner in regions with less developed public 
health infrastructures, thus providing a variety of routes for the faecal-oral spread of viruses. 
The importance of tap water as a risk factor for hepatitis A in France has been considered by 
Lagarde et al. (1995). 
The same general observations and conclusions apply to hepatitis E, although this disease has 
been studied less than hepatitis A. A study in Somalia contrasted the roles of rivers and wells as 
sources of drinking water, in the attack and fatality rates in a hepatitis E epidemic. The 
epidemic coincided with a rise in river levels during rainfall, and the attack rate was higher in 
villages using river water as opposed to well or pond water. The water was untreated (Bile et al. 
1994). An epidemic in northern India was correlated with the post-treatment contamination of a 
drinking water supply (Dilawari et al. 1994). 
Enterovirus infections 
The probability of spreading polio viruses and other neurotropic enteroviruses has been 
considered, but although the viruses have been demonstrated in raw waters (Nestor & Costin 
1976; Payment et al. 1988, 1994; Shieh et al. 1991) the drinking water route for the spread of 
these infections is possible but has not been documented. The present treatment processes can 
be regarded as successful in inactivating any virus which is present in raw water. 
Travellers' diarrhoea 
Travellers' diarrhoea is the commonest illness associated with travel. Typically, travellers are 
affected within the first 3 to 4 days after arrival in another country. The illness consists of 
diarrhoea and/or vomiting lasting 12 to 18 hours. The countries most commonly associated with 
travellers' diarrhoea are those in the tropical and subtropical regions. The level of public health 
hygiene is variable and the quality of the drinking water unreliable. The prime causative agent 
is regarded as enterotoxigenic Escherichia coli, although even in well conducted studies a 
causative agent is not identified in the majority of cases. Could viruses be involved? This is 
certainly a possibility but further studies are required. The association of drinking water with 
travellers' diarrhoea has been shown by the investigation of outbreaks in Albufeira in Portugal 
and Salou in Spain. In both resorts the incidence of travellers' diarrhoea fell dramatically 
following the commissioning of a new public water supply. The spread of the unknown, query, 
viral agent, was successfully interrupted by effective drinking water treatment (Cartwright 
1992, 1993). 
Water treatment 
Gamble (1979) concluded there was no evidence to show that drinking water in the UK 
contributes to the spread of virus infection, and the introduction of virological standards for 
drinking water could not at that time be justified. All the evidence since then has supported that 
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view. This implies that the water treatment processes, which largely depend on chlorination, are 
effective in safeguarding public health. Concern over the possible harmful effects of 
disinfection by-products has led to the development of a risk assessment model of viruses in 
drinking water and the possibility of human infection (Haas et al. 1993). This approach is very 
important, as relaxation of water treatment processes may expose the population to risks that 
were previously contained. Chlorine, iodine, bromine, ozone, copper and silver all have anti-
viral properties and are successfully used in water treatment. 
The detection of chlorine-resistant isolates from finished water containing free-chlorine 
residuals in excess of 1 mg l-1, indicates the need for ongoing surveillance and the assessment of 
viral standards necessary to maintain public health (Shaffer et al. 1980). This report does not, 
however, indicate any human infections associated with the presence of the chlorine-resistant 
isolate. It is important that laboratory findings, especially with the development of sensitive 
genetic and molecular techniques, are kept in context. The assessment of water treatment and 
viral diseases should involve the virologist, water engineer and epidemiologist. The greatest risk 
to the population of industrialised nations is not the water they consume at home but the water 
and ice they consume when on holiday in less developed regimes of the world. It is all too often 
forgotten that water from a hotel tap can be readily made safe by boiling. The majority of 
airports sell travel kettles and their use can play an important role in protecting the health of the 
traveller. Travel-kits containing chlorine tablets are also very effective if used according to the 
manufacturer's instructions. 
Is there a rationale for examining drinking water for the presence of viruses? 
Newer molecular techniques have provided water virologists with methods for the detection of 
viruses or viral genetic material in water. They may prove to be valuable tools in the 
investigation of outbreaks. All the available evidence, however, indicates that water meeting 
accepted bacteriological standards is also safe as far as the transmission of viruses pathogenic to 
man is concerned. Water treatment processes are, however, continually being refined and 
revised. The performance characteristics primarily rely on the ability to remove or inactivate 
bacterial indicators of contamination by sewage, and it is assumed that treatment sufficient to 
inactivate enteric bacteria will be equally effective for viruses. There are, however, differences 
in the susceptibility of different bacteria and viruses to disinfection processes. It is very 
important that new processes are assessed against actual pathogens as opposed to surrogates. If 
the pathogens cannot be used, organisms with similar properties are to be preferred. Bacteria 
should not be used to simulate viruses when testing new processes. If, after rigorous 
examination, a bacterial species is proven to be an effective indicator for the situation associated 
with viral contamination, this may be acceptable. 
It has been suggested that when viral contamination from a faecal source is considered, the 
use of a bacteriophage would be a more relevant indicator organism. Coliphages (Payment 
1991; Payment & Franco 1993), F-specific RNA bacteriophages (Havelaar et al. 1991, 1993) 
and the phages of Bacteroides fragilis (IAWPRC Study Group 1991), have been considered as 
suitable candidates. 
Viral or phage indicators may also be useful in the assessment of new processes but, for 
operational use, their need should be questioned. The bacterial indicators which have been used 
internationally for over sixty years have provided a level of safety in treated drinking water that 
has been and still is accepted as satisfactory. 
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